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The drawings are objected to because of the reasons set 
forth on PTO 948. Correction is required. 

The specification has not been checked to the extent 
necessary to determine the presence of all possible minor errors. 
Applicants 1 cooperation is requested in correcting any errors of 
which applicants may become aware in the specification* 

The following is a quotation of the first paragraph of 35 
U.S.C. § 112: 

The . specification shall contain a written description of the 
invention, and of the manner and process of making and using 
it, in such full, clear, concise, and exact terms as to 
enable any person skilled in the art to which it. pertains, 
or with which it is most nearly connected, to make and use 
the same and shall set forth the best mode contemplated by 
the inventor of carrying out his invention. 

The specification is objected to under 35 U.S.C. § 112, 
first paragraph, as failing to provide an enabling disclosure. 

The specification fails to teach how to use the claimed 
complex as a vaccine. A vaccine by' definition is a substance that 
confers protective effect against diseases as the the AIDS virus 
causing disease as in the instant case. The specification, page 
31, merely provide a proposal that the removal of suppressor 
regions in' the HIV external envelope protein of HIV would result 
in effective immune responses to these proteins. Other than this 
general statement and an in vivo showing of a gp 120 HIV-T-cell 
conjugate ability to stimulate antibodies against each of the 
components of the conjugate, nothing is of record, either in the 
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spec. or prior art teachings as to the effectiveness of a 
conjugate as a vaccine. At the time of applicants' invention the 
HIV virus that causes the AIDS disease is known to be so 
refractory that a claim to their treatment or a vaccine against 
this disease is more than likely not to accepted by one skilled 
in the art as correct. 

The spec, further fails to teach how to make and use a 
peptide with the claimed modifications as e.g., recited in claims 
8 and 9. 

Claims 1-12 are rejected under 35 U.S.C. § 112, first 
paragraph, for the reasons set forth in the objection to the 
specification. 

Claims 1-12 are rejected under 35 U.S.C. § 112, first 
paragraph, as the disclosure is enabling only for claims limited 
to T-cell epitope fragments derived from the native region of 
TraT protein or to the single modified form thereof. See 
M.P.E.P. §§ 706.03 (n) and 706.03(z). 

The broadly claimed modified form of the T-cell epitope of 
TraT, a complex with at least one T-cell epitope linked to at 
least one immunogen are not properly enabled by the instant 
disclosure. The claimed modified form of the T-cell epitope would 
encompassed modifications as substitution, addition or deletion 
in the native T-cell epitope of Trat, singly or in multiples, 
resulting in an incalculable numbers of peptide analogs or 
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[57] ABSTRACT 

T-cell epitopes of or derived from the TraT protein of E. coli 
have been identified and used in the preparation of com- 
plexes with immunogens to enhance or provide immune 
responses to the immunogens. The complexes can be pre- 
pared directly, by chemical linkage, or as fusion proteins. In 
the latter context, polynucleotides encode a fusion protein 
which a transformed host can express. The fusion proteins 
may be expressed intracellular^ or exported to and 
expressed on the surface of the Iransformant host. 
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T-CELL EPITOPES proteins and multiple immunizations with products conju- 
gated to these carriers increases the possibility that undesir- 

This application is a division, of application Ser. No. able reactions to these carriers will occur. Also, these 

07/987,286, filed Mar. 16, 1993, now U.S. Pat. No. 5,500, carriers have been chosen in the first instance, not for their 

366 which is the national stage of PCT/AU91/0049 filed 5 immunostimulatory characteristics, but rather because they 

Sep. 17, 1991. were already registered for human use. It is clear, therefore, 

that there is a need for an alternative carrier to those 

TECHNICAL FIELD currently used in conjugate vaccines which will obviate the 

Hie present invention relates to isolated or synthetic immunological problems associated with thesrraccines and 

sequences of or derived from TraT (a protein molecule 10 vcl relam same "™unogemcity as the vaccines pres- 

isolated from the outer-membrane of certain strains of entlv m or ^ 0D *- 

Escherichia coli) which function as T-cell epitopes. Such During the past decade it has become clear that certain 

sequences can be employed in the preparation of vaccines fragments of proteins, rather than the entire protein 

which involve the use of carrier peptides to enhance anti- molecule, are preferentially recognized by T-cells in asso- 

body production to an immunogen and/or stimulate strong 15 ciation with an appropriate self (Class I or Class II) antigen, 

cell-mediated immunity to the immunogen whilst avoiding These fragments are known as T-cell epitopes and their 

the use of larger carrier protein molecules. co-recognition (i.e., in association with certain Class I or 

Class II molecules) by T-cells ensures the delivery of "T-cell 

BACKGROUND ART help" so that a B cell can be activated and undergo differ- 

The generation of an immune response against a pathogen 20 entiation to sccrclc antibod y- 
(bacterial, viral or parasite) depends, in the first instance, on It is generally accepted that T-cell recognition of proteins 
the delivery of the appropriate stimulus to the immune is more complex than antibody binding, and, despite recent 
system of the host. The pathogen or infectious agent presents advances inour understanding of T-cell epitopes, less clearly 
the host with a number of immune-stimulating compounds understood. However, in the mid 1980s it was suggested that 
or antigens which are usually large molecules such as T-cell determinants (epitopes) have a tendency to form 
proteins, polysaccharides or glycoproteins. These antigens stable helical structures in which the hydrophilic groups 
may provoke one or more different types of reaction from align on one surface of the helix while hydrophobic residues 
the host in an effort to destroy or eliminate the invading align on the opposing surface. In this model, it is proposed 
organism. Accordingly, the antigen may stimulate T-cells that the hydrophobic surface would normally be found 
which provide cell-mediated immunity and/or an antigen associated with the MHC antigen while the more hydro- 
may stimulate B cells to initiate the synthesis and secretion pbilic surface would be exposed to the T-cell receptor, 
of antibody (humoral immunity). The development and Accordingly, an algorithm to search a given protein 
maintenance of the individual's protective immune response sequence for regions with a tendency to form helical amphi- 
to a foreign antigen is usually dependent on achieving a pathic structures has been developed and applied to several 
critical level of stimulation of both cell-mediated and protein models (De Lisi and Berzofsky, P N A S 82: 7048, 
humoral immunity 1985). In contrast, some workers maintain that T-cell deter- 

In the generation of a protective immune response, a minanls arc associated with beta turns within the protein 

certain type of T-cell, a helper T-cell is frequently required However, these algorithms frequently fail to detect T-cell 

to assist the B^ell to grow and secrete soluble antibody. ^ ^^pes and- conversely often select sequences which do not 

These helper T-cells also interact with and recognize anti- funclion 35 T -<* 1] epitopes. In addition, these algorithms can 

gens on the surface of antigen-presenting cells such as not be lo ^ fine lhe stren S lh ° r cross-specks funclion- 

macrophages and, by releasing soluble factors (cytokines), ^ of adeemed sequences. A unifying hypothesis of what 

mediate activation and differentiation of B-cells. factors are important for predicting T-cell epitopes has yet to 

^. . . , ... ri_*i_L_ emerge and the identification of such epitopes as well as the 

Certain small molecules termed haptens, of which short 45 . 4 6 . . c . . . . . ... r . 

. 11 1 ■ * determination of their strength is still very much an empin- 

peptides are an example, are usually poorly immunogenic . . A1 : , . . & ... . , . 4 

l M . 1 1 i_ , . j , cal exercise. Although it is still not clear what a 

while larger molecules such as proteins and some polysac- & 

charides are usually immunogenic in that they elicit a T-cell perceives, there is agreement among several groups 

satisfactory protective response. To obviate the problems of usm S a vanet y of models that a region of 7-17 amino acid 

inducing immunity lo poorly immunogenic molecules, 50 residues * * required for recognition, 

attempts have been made to enhance their immunogen icily T-cell epitopes from diphtheria toxin, tetanus toxin and 

by binding them to "carrier" molecules. These carriers, cross-reacting material of diphtheria toxin were described in 

which are usually immunogenic proteins, function by stimu- PCT/US89/00388. They differ from the T-cell epitopes of 

lating the T-cell co-operative effect that occurs with natu- this invention. 

rally immunogenic molecules. That is to say, a poorly 55 Previous work (PCT/AU87/00107) has examined a num- 
immunogenic antigen, bound to a carrier, will elicit T-cell ber of integral membrane proteins for their ability to gen- 
help in antibody production. By engaging the T-cells with erate serum antibody responses in the absence of adjuvant, 
carrier determinants, B-cells will begin antibody production These proteins, which include TraT, have been shown to 
not only lo the carrier itself, but also to the bound antigenic stimulate high litres of serum antibody in mice, rats, guinea- 
determinant. 60 pigs and rabbits. The antibody litres elicited by injecting 
Although it is widely accepted that the carrier principle is TraT in saline is not significantly increased by the addition 
an effective method of improving the efficacy of vaccines, of oil -based adjuvants such as Freund's Incomplete Adju- 
the number of proteins which are ethically accepted for use vant (HA) or MONTANIDE/MALCOL. Covalent attach - 
as potential carrier proteins for human use is relatively ment of Bovine Serum Albumin or of the dinitrophenyl 
limited. These include tetanus toxoid and diphtheria toxoid. 65 group or of a peptide antigen to TraT results in a significant 
lrie limited number of available carrier proteins means that enhancement of the immune response to the conjugated 
a large number of vaccine products will employ one of these material as compared with the response seen when the 
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immunogen is injected without adjuvant or not conjugated to 
TraT. The antibody response to these conjugates is not 
significantly increased by the addition of F1A. TraT is a 
sclf-adjuvanting carrier molecule which is capable of gen- 
erating high antibody titres to itself as well as to molecules 
attached to it. 

Abbreviations 

A10H — aluminium hydroxide 

CPM — counts per minute 

DEAE — dietbylaininoetbyl 

DMF — dimethyl formamide 

DT — diphtheria toxoid 

EDTA — ethylene diamine tetraacelic acid 

FIA — FreuncTs incomplete adjuvant 

HPLC — High performance liquid chromatography 

FCS — Foetal calf serum 

LAL assay -Limulus Amocbocyte Lysate Assay 

LHRH — Luteinizing hormone releasing hormone 

LIP — Liposome 

LPS — Lipopolysaccharide 

MBS — m-maleimido benzoic acid n-hydrozysuccinimide 
ester 

PBS— rPhosphate buffered saline 

PHA — Phytohaemagglutinin 

PMSF— ^henylmethyl sulphonyl fluoride 

QA — Quality assurance 

QC — Quality control 

RPMI — tissue culture medium 

RT — Room temperature 

SAP — Saponin 

SDS — Sodium dodecyl sulphate 

SDS-PAGE — Sodium dodecyl sulphate polyacrylamide gel 

electrophoresis 
TFA — Trifluoroacetic acid 

VYDAC — Trade name of chromatography column 
ZWITT — ZWITTERGENT 

DESCRIPTION OF THE INVENTION 

According to the present invention isolated peptide 
sequences of or derived from TraT that by themselves have 
unexpectedly high immunostimulatory properties in a range 
of species have been identified and used. The specific 
sequences Tl, T2, T4 and T6 (SEQUENCE ID Nos 1, 2, 4, 
and 6 respectively) described herein are recognized by 
several phylogenetically diverse species, including primates. 

To the knowledge of the present inventors, T-cell stimu- 
lating peptide sequences that cross several species barriers 
have not been reported previously. 

The finding that TraT (SEQUENCE ID Nos. 16 and 17) 
was a strong self-adjuvanting carrier molecule led the 
present inventors to consider that there might be particular 
peptide sequences within this protein which are preferen- 
tially recognized by T-cells. As a result of scanning the TraT 
molecule and considering factors which might enhance 
activity as a T-cell epitope, seven peptides derived from the 
TraT molecule were synthesized and then tested in T-cell 
proliferative assays using T-cells from a variety of animals 
that had been immunized with the native TraT molecule in 
saline. A hierarchical pattern of responsiveness to the pep- 
tides was observed in the four animal species studied and in 
particular four of the peptides (Tl, 17, T4, T6: SEQUENCE 
ID Nos 1, 2, 4 and 6 respectively) showed very strong 
responses in all four species tested. Because these peptide 
sequences cross several species barriers it is possible that 
they are recognized by T-cells both within and across 
species. 
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The amino acid sequences of the seven molecules are: 

Tl: GlyAlaMetSer- 

ThrAlalleLysLysArgAsnLeuGluValLysThrGln MetScr- 
5 GIuThrlleTrpLcuGlu (SEQUENCE ID NO. 1) 

T2: GlyLeuGlnGlyLysIleAlaAspAlaValLysAlaLysGly 

(SEQUENCE ID No. 2) 
T3: SerGlnTrpLeuAsnArgGlyTyrGluG- 

lyAlaAlaValGlyAlaAlaLeu GlyAlaGtylleThrGly 
10 (SEQUENCE ID No. 3) 

T4: GlyLeuAlaAlaGlyLeuValGlyMetA- 

laAlaAspAlaMetValGluAsp ValAsn (SEQUENCE ID 

No. 4) 

T5: AspvalGlnlleAlaGluArgTh- 
15 rLysAlaThrValThrThrAspAsnVal AlaAlaLeuArgGln 

(SEQUENCE ID No. 5) 
T6: SerThrGluThrGlyAsnGlnHisH- 

isTyrGlnThrArgValValSerAsn AlaAsnLys (SEQUENCE 

ID No. 6) 

20 T7: Lysval AsnLeu LysThrG luGlu Ala- 

LysProValLeuGluAspGlnLeu AlaLys (SEQUENCE ID 
No. 7) 

The TraT sequences which correspond to these molecules 
25 are shown in FIG. 5 and are as follows: 

TraT(Tl) Gly AlaMetSer- 

ThrAlalleLysLysArgAsnLeuGluValLysThr GlnMetSer- 

GluThrlleTrpLeuGhi (SEQUENCE ID No. 1) 
30 TraT(T2) GlyLeuGlnGlyLysIleAla Asp Ala- 

ValLysAlaLysGly (SEQUENCE ID No. 2) 
TraT(T3) G luSerGlnGlyTrpLeuAsnArgGly- 

TyrGluGlyAlaAlaValGly AlaAlaLeuGlyAlaGlylleThr- 

Gly (SEQUENCE ID No.24) 
35 TraT(T4) GlyLeuAlaAlaGlyLeuValGlyMetA- 

laAlaAspAlaMetValGlu AspValAsn (SEQUENCE ID 

No. 4) 

TraT(T5) AspvalGlnlle AlaG luArgTh- 

rLysAlaThrValThrThrAspAsn ValAlaAlaLeuArgGln 
40 (SEQUENCE ID No. 5) 

TraT(T6) SerThrG luTh rG 1 y Asn G InH isLy- 
sTyrGlnThrArgvalValSer AsnAlaAsnLys (SEQUENCE 
ID No. 25) 

TraT(T7) LysVal AsnLeuLysPheG luGluAla- 
45 LysProValLeuGluAspGln LeuAlaLys (SEQUENCE ID 
No. 26) 

Tl, T2, T4 and T5 are identical to the sequences which 
appear in the native TraT sequence. T3, T6 and T7 are 
modified compared with TraT(T3), TraT(T6) and TraT(T7). 

50 In T3 the amino terminal 4 residues GluSerGlnGly of 
TraT(T3) are replaced by SerGln. In T6, the Lys residue 
from position 9 of TraT(T6) is replaced by His. In T7, the 
Phe residue from position 6 of TraT(T7) is replaced by Thr. 
These alterations to the native sequences were made to 

55 enhance the T-cell epitope activity of these peptides. 

According to a first embodiment of the present invention, 
there is provided a T-cell epitope comprising a portion of the 
amino acid sequence of the protein, TraT. 

Typically the T-cell epitope is effective across species. 

60 Specific T-cell epitopes according to the present invention 
include portions of TraT having T-cell epitope activity or 
derivatives thereof, such as Tl, T2, T4 and T6 (SEQUENCE 
ID Nos 1, 2, 4 and 6) which have sequences as described 
above. Each of the T-cell epitopes of the invention may be 

65 modified. Modifications in accordance with the present 
invention include the addition of an N-terminal pyro- 
glutamic acid residue, the substitution of an N-lerminal 
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glutamic acid residue by a pyroglutamic acid residue and/or 
the addition or substitution of a C-ierminal cysteinamide as 
well as the specific modifications made in T3, T6 and T7 and 
described above. Modified T-ccll epitopes of the invention 
fall within the scope of the present invention and arc 
included within the term "T-cell epitope" when used herein 
as appropriate, and are included in references to particular 
T-cell epitopes of the invention as appropriate. In the prepa- 
ration of fusion proteins of the invention modifications to the 
epitope to alter internal amino acids or terminal residues 
may be made posttranslationally or in the coding sequence 
as appropriate. The modifications should conserve the T-cell 
epitope activity of the parent molecule. 

The invention also provides a complex comprising at least 
one T-cell epitope of the first embodiment linked to at least 
one immunogen wherein the immunogen and the epitope are 
linked such that the at least one T-cell epitope can still 
function as a T-cell epitope and the at least one immunogen 
still presents at least one antigenic determinant against 
which an immune response can be raised. 

The invention further provides a vaccine comprising a 
complex of the invention together with a pharmaceutically 
acceptable carrier, excipient, diluent and/or adjuvant. 

The complexes of the invention may be prepared by a 
number of routes. They may be prepared directly or by 
chemical coupling using appropriate linking or coupling 
agents or by modification of residues to provide sites for 
linkage. They may also be prepared through recombinant 
means as fusion proteins. 

The at least one "immunogen** which forms part of a 
complex of the invention is any molecule which it is 
desirable to use to raise an immune response. Typically, the 
at least one "immunogen" will be a molecule which is poorly 
immunogenic, but immunogenic molecules are not 
excluded. The at least one "immunogen" includes peptides, 
oligosaccharides, polypeptides, polysaccharides and specific 
examples include: circumsporozoite surface protein oiPlas- 
modium falciparum (CSP); the synthetic immunogen NH 2 
Cys (Asn Pro Asn Ala) 4 (SEQUENCE ID No. 8) derived 
from CSP; all or part of luteinizing hormone or somatosta- 
tin; and immunogenic proteins which are all or part of: the 
S protein of hepatitis B virus; the AIDS virus; influenza 
vims; or foot and mouth disease virus; inhibin and FSH. 

With regard to the construction of fusion proteins the 
invention provides a hybrid first polynucleotide molecule 
which consists of: a polynucleotide sequence which acts as 
a coding sequence for at least one T-cell epitope of the 
invention fused to a polynucleotide sequence coding for the 
amino acid sequence of at least one immunogen. 

The hybrid polynucleotide molecule may comprise 
sequences encoding: at least one isolated T-cell epitope of 
the invention fused to at least one immunogen; at least one 
T-cell epitope of the invention inserted within an immuno- 
gen; or all or part of the TraT molecule with the at least one 
immunogen inserted adjacent a T-cell epitope of the inven- 
tion. 

It is recognised that having provided a sequence encoding 
a particular fusion protein of interest that it would be within 
the capabilities of a skilled addressee to alter that sequence 
so that it still encodes a fusion protein having the activity of 
the parent fusion. One reason such altered fusions can be 
prepared is because of the degeneracy of the genetic code. 
Further a skilled addressee would recognise that it is pos- 
sible to substitute codons for amino acids with similar 
characteristics at places within a protein without affecting 
the activity of the molecule as the parent molecule. Further, 
having identified a desirable fusion or complex it could be 
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modified by inclusion of multimers of the T-cell epitope, 
and/or the immunogen and/or the introduction of additional 
T-cell epitopes of the invention. Such altered molecules are 
also within the scope of this invention. 
5 Preferred hybrid polynucleotide sequences arc DNA 
sequences. 

More preferably the sequences of the invention coding for 
at least one T-cell epitope of the invention are linked to a 
DNA sequence coding for the amino acid sequence of the at 

10 least one immunogen such that the resulting TraT fusion 
protein is exported to and exposed on the host cell surface. 

The invention also provides a fused gene comprising a 
hybrid DNA sequence of the invention fused to a portable 
promoter. A preferred promoter according to the invention, 

15 is the P L promoter of the bacteriophage lambda. 

Further, the invention provides a recombinant DNA mol- 
ecule which comprises a DNA sequence of the invention and 
vector DNA. Typically the vector is plasmid, bacteriophage, 
viral or cosmid DNA. 

20 A preferred recombinant DNA molecule of the invention 
includes an expression control sequence operatively linked 
to the DNA sequence of the invention. 

Within the scope of the invention is a process for the 
manufacture of a recombinant DNA molecule which process 

25 comprises the step of: introducing into vector DNA, a DNA 
sequence of the invention. 

The process preferably also includes the step of introduc- 
ing an expression control sequence into the vector. 
The invention also provides a transformant host with the 

30 genetic information for the biosynthesis of a complex com- 
prising at least one immunogen and at least one T-cell 
epitope of the invention such that the resulting fused peptide 
is exposed on the host cell surface. 
However, transformant hosts which only express the 

35 fusion intracellularly may also be used with the fusion being 
purified from the cells in accordance with standard purifi- 
cation procedures. 

Suitable hosts include prokaryotic and eukaryotic cells, 
including: bacteria, for example E. coli, Pseudomonas 

40 species, Salmonella species and Bacillus species; yeasts and 
other fungi, for example Sacdiaromyces cerevisiae and 
Aspergillus species; insect cells, for example cell lines 
derived from Spodoptera frugiperda and Bombyx mori; and 
mammalian cells for example Chinese Hamster ovary cells 

45 and other cell lines. 

Also included within the scope of the invention is a 
process for transforming a host, which process comprises 
the step of: introducing into a host a recombinant DNA 
molecule according to the invention. 

50 The invention further provides an expression product of a 
transformant host of the invention, comprising a complex of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 FIG. 1 shows the T-cell response to T1-T7 (SEQUENCE 
ID Nos 9-15), PHA and TraT (SEQUENCE ID Nos. 16 and 
17) in immunized animals. 
FIG. 2 shows the presentation of T1-T7 (SEQUENCE ID 

^ Nos 9-15), PHA and TraT (SEQUENCE ID Nos. 16 and 17) 
by fixed and control macrophages. 

FIG. 3 shows T-cell responses to carrier and peptide in 
monkeys immunized with Pre S2-TraT or PreS2-DT in 
various formulations. 

65 FIG. 4 shows the structure of p TraT (c), a TraT expres- 
sion vector. P^Leftward promoter of Lambda; TT 
-transcription terminator; Amp r -Ampicillin resistance 
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gene; Region 1302-3597 approximately equals region 2066 
(old PvuII site) to 4367 (old EcoRl site) of pBR322; 
Diagram not to scale. 

FIG. 5 SEQUENCE ID Nos. 16 and 17 shows the coding 
sequence of TraT and the location of TraT (T1-T7). 5 
(SEQUENCE ID Nos 1, 2, 24, 4, 5 25 and 26). 

BEST MODE OF CARRYING OUT THE 
INVENTION 

10 

The recombinant DNA techniques, techniques of chemi- 
cal synthesis, formulation and vaccination used in accor- 
dance with this invention are standard techniques known to 
those skilled in the appropriate arts. For formulating the 
vaccines of the invention an effective amount of a complex 15 
of the invention is formulated with a pharmaceutically 
acceptable carrier, diluent, excipient and/or adjuvant to 
provide a vaccine for administration to a host requiring 
immunisation with the immunogen of interest. 

Solid dosage forms suitable for oral administration may 20 
include capsules, tablets, pills, powders, and granules. In 
such solid dosage forms, at least one complex may be 
admixed with at least one inert diluent such as sucrose, 
lactose or starch. Such dosage forms may also comprise, as 
is normal practice, additional substances other than inert 25 
diluents, e.g., lubricating agents such as magnesium stearate. 
In the case of capsules, tablets, and pills, the dosage forms 
may also comprise buffering agents. Tablets and pills can 
additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration may be in the 30 
form of pharmaceutically acceptable emulsions, syrups, 
solutions, suspensions, and elixirs containing inert diluents 
commonly used in the art such as water. Such compositions 
may also comprise wetting agents, emulsifying and suspend- 
ing agents, and sweetening, flavouring, and perfuming 35 
agents including sugars such as sucrose, sorbitol, fructose 
etc, glycols such as polyethylene glycol, propylene glycol 
etc, oils such as sesame oil, olive oil, soybean oil etc., 
antiseptics such as alkylparahydroxybenzoate etc, and fla- 
vours such as strawberry flavour, peppermint etc. 40 

Suitable excipients, carriers and/or diluents for use in 
preparation of injectable forms may also be used in prepar- 
ing injectable vaccines. 

Other alternatives would include nasal sprays and other ^ 
mucosal routes of administration such as suppositories. 

The terra "pharmaceutically acceptable adjuvant" can 
mean either the standard compositions which are suitable for 
human administration or the typical adjuvants employed in 
animal vaccinations. 50 

At present alum is the only registered adjuvant for human 
use however, experimental work is being conducted on other 
adjuvants for human use and it is anticipated that these other 
adjuvants would be suitable for use in preparing composi- 
tions for human vaccination in accordance with this inven- $5 
tion. 

Suitable adjuvants for the vaccination of animals include 
but are not limited to saponin, oil emulsions such as F ro- 
und's complete or incomplete adjuvant (not suitable for 
livestock use), MAREAL 52: MONTANIDE 888 (Marcol is 60 
a Trademark of Esso. MONTANIDE is a Trademark of 
SEPPIC, Paris), squalane or squalene, ADEUVANT 65 
(containing peanut oil, mannide monooleate and aluminium 
monostearate), mineral gels such as aluminium hydroxide, 
aluminium phosphate, calcium phosphate and alum, surfac- 65 
tants such as hexadecylamine, octadecylamine, lysolecithin, 
dimethyldioctadecylammonium bromide, N,N-dioctadecyl- 
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N',N'-bis(2-hydroxyeihyl) propanediamine, methoxyhexa- 
decylglycerol and pluronic polyols, polyanions such as 
pyran, dextran sulfate, polyacrylic acid and carbopol, pep- 
tides and amino acids such as muramyl dipeptide, 
dimcthylglycine, tuftsin and trehalose dimycolatc. The com- 
plexes of the present invention can also be administered 
following incorporation into liposomes or other micro- 
carriers, or after conjugation to polysaccharides, proteins or 
polymers or in combination with QU1L-A to*form immu- 
nostimulating complexes. 

It is recognised that a number of factors will affect the 
determination of an appropriate dosage for a particular host. 
Such factors include the age, weight, sex, general health and 
concurrent disease status of the host. The determination of 
the appropriate dose level for the particular host is per- 
formed by standard pharmaceutical techniques. 

The strength of the peptide sequences derived from TraT 
was evidenced by the demonstration that in squirrel mon- 
keys conjugates of TraT and a peptide HepB-preS2 
133-152: SEQUENCE ID No. 18 (where PreS2 represents 
amino acids 120-145 of the preS2 region of Hepatitis B 
surface antigen) induced a much stronger T-cell response 
than conjugates of Diphtheria toxoid (DT) and preS2. DT is 
an effective carrier protein, with a number of T-cell epitopes, 
which has been approved for use as a carrier in human 
vaccines. 

EXAMPLE 1 

The Synthesis of Peptides Derived from TraT. 

The seven peptides, Tl to T7 (SEQUENCE ID Nos 1-7), 
were synthesized on an APPLIED BIOSYSTEMS No. 430A 
PEPTIDE SYNTHESIZER with N-terminal pyroGlu and 
C-terminal Cvs-NH 2 . The peptides were purified by chro- 
matography on G-25 SEPHADEX (PHARMACIA) in 10% 
Acetic Acid, followed by Reverse Phase HPLC on a 
VYDAC C-18 column using a linear gradient of 5-60% 
acetonitrile in 0.1% TFA. The sequences of the peptides 
synthesised are as follows: 

Tl : PyroGluGiyAlaMetSer- 
ThrAlalle Ly s Lys A rg Asn LeuGluVal LysThr 
GlnMetSerGluThrIleTrpLeuGluCys-NH 2 (SEQUENCE 
ID No. 9) 

T2: 

PyroGluGlyLeuGlnGlyLysIleAlaAspAlaValLysAlaLysGlyCys-NH, 
(SEQUENCE ID No. 10) 
T3: PyroGluSerGlnTrpLeuAsnArgGly- 
TyrGluGlyAIaAlaValGlyAlaAla 
UuGlyAlaGlyDeThrGlyCys-NH 2 (SEQUENCE ID No. 
11) 

T4: PyroGluGlyLeuAlaAlaGlyLeu Val- 

GlyMelAlaAlaAspAlaMetValGIu AspValAsnCys-NH 2 

(SEQUENCE ID No. 12) 
T5: PyroGluAspValGlnlleAlaGlu- 

ArgThrLysAlaThrValThrThrAspAsn 

ValAlaAlaLeuArgGlnCys-NH 2 (SEQUENCE ID No. 13) 
T6: PyroGluSerThrGluThrGlyAsnGln- 

HisHisTyrGlnThrArgValValSer AsnAlaAsnLysCys-NH 2 

(SEQUENCE ID No. 14) 
T7: PyroGlu Lys Val AsnLeuLysThrGlu- 

GluAlaLysProValLeuGluAspGln LeuAlaLysCys-NH 2 

(SEQUENCE ID No. 15) 

Purification of TraT 

E. coli cells (Strain BTA 1349 containing the plasmid 
pBTA439, a derivative of plasmid pBR329 into which has 
been inserted a 6.0 kb EcoRl fragment of the R 100 plasmid 
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which contains the DNA sequence coding for TraT, 
expressed from the lambda leftward promoter P L ), were 
grown in a fermenter at 30° C. and induced at 42° C. for 2 
hours. Following induction, the cells were concentrated and 
washed with distilled water in an AMICON DC10LA con- 
centrator (0.1 fan hollow fiber cartridge). Cells were 
removed from the concentrator and the integral membrane 
proteins extracted from the cells by the addition of a solution 
containing 0.2M Na Acetate buffer pH 25, 2% cetrimide 
(SIGMA) in 20% ethanol plus 0.2M CaCl 2 (final 
concentration). The extraction was allowed to proceed over- 
night at room temperature (RT) after which the bacteria were 
pelleted by centrifugation (17,000xg, 20 min.). 

TraT was precipitated from the supernatant by the addi- 
tion of ethanol to 50% followed by centrifugation (4000xg. 
10 min). It was then resuspended in 1% ZWITTERGENT, 
20 mM Na Acetate buffer, pH 6.5, 20 mM EDTA and further 
purified by chromatography on DEAE-SEPHAROSE 
(PHARMACIA) in 20 mM Na Acetate buffer pH 6.5, 
containing 0.1% ZWITTERGENT (CALBIOCHEM) and 20 
20 mM EDTA. Proteins were eluted using a linear gradient 
of 0 to 1M NaCl in the loading buffer. Fractions containing 
the integral membrane proteins were pooled, precipitated 
with ethanol and resuspended in 10% SDS and further 
purified by size exclusion chromatography on S-300 25 
SEPHACRYL (PHARMACIA) in 10 mM Tris. HQ pH 8.8 
containing 2% SDS, 20 mM EDTA. TraT purified by this 
method travelled as a single band when analyzed by SDS- 
PAGE with a molecular weight of 28,000, and was found to 
be free of LPS when subjected to SDS-PAGE and silver 30 
stained by the method of Tsai and Frasch (Anal. Biochenu 
119: 115, 1982). The TraTprotein was found to be contami- 
nated with less than 0.005 ng of LPS/mg of protein when 
tested in the LAL assay (Webster, J Clin Microbiol 12: 644, 
1980). 35 
Immunization of Animals and the Assessment of T-cell 
proliferation 

Animals were immunized intramuscularly with 50 fig 
(mice), 200 fig (dogs and monkeys) or 500 g (cattle) of TraT 
in saline and boosted 14 to 28 days later with a similar 40 
inoculum. Fourteen days after the last injection, peripheral 
blood lymphocytes (dogs, monkeys and cattle) or lymph 
node cells (mice) were used as a source of T lymphocytes 
which were then stimulated in vitro with various concen- 
trations of the peptides [the responses to 50 fig of TraT 45 
(SEQUENCE ID Nos. 16 and 17) and 50 fig of Tl to T7 
(SEQUENCE ID Nos 9-15, respectively) as well as to 2 fig 
PHAare given in FIG. 1], T- lymphocytes were isolated from 
lymph nodes according to the method of Adorini et al. 7. 
Exp. Med 168: 2091, 1988; while the method of Chouaib et 
al. (P. N.A. S., 85: 6875, 1988) was followed for the isolation 
of T-cells from peripheral blood. The method of Adorini et. 
al. was followed for the assessment of T-cell proliferation. 
Results are expressed as Stimulation indices, which are 
calculated by dividing the c.p.m. in the presence of antigen 
by the c.p.m. in the absence of antigen. Standard errors of 
the means of triplicate cultures were less than 10% of the 
Mean. 
Results 

As can be seen from FIG. 1, significant T-cell respon- 
siveness to 50 fig of Tl, T2, T4 and T6 (SEQUENCE ID Nos 

9, 10, 12 and 14 respectively) as well as to TraT was seen 
in all four species, with T2, T4 and T6 (SEQUENCE ID Nos. 

10, 12 and 14 respectively) showing particularly strong 
responses. The high degrees of conservation of the responses 
to these peptides in a number of species suggests that these 
peptides may prime for strong antibody responses in a range 
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of phylogenetically diverse species as well as in a range of 
genetically diverse individuals within a species. T-cell 
stimulatory peptide sequences that cross several species 
barriers have not, to our knowledge, been reported in the 
literature. 

Primary and Secondary T-cell Proliferative Responses of 
Human Peripheral Blood Lymphocytes to TraT and to the 
T-cell Epitope Peptides 

The strong in vitro proliferative responses observed to the 
T-cell peptides (in particular to T2, T4 and T6: SEQUENCE 
ID Nos 10, 12 and 14 respectively) in the four animal species 
studied, suggested that a similar hierarchial pattern of 
responsiveness would also be seen in humans. T-cell epitope 
peptides which exhibit a permissive association with major 
histocompatibility complex (MHC) molecules, and are 
therefore preferentially recognised by T-cells, would be 
attractive candidates for the production of subunit vaccines 
because they would be expected to induce an immune 
response in the majority of individuals in a outbred human . 
population. It was therefore decided to examine T-cell 
responses in humans to TraT-derived T-cell epitopes. 

Because of the logistic problems posed by immunizing 
humans with TraT (to our knowledge none of the blood 
donors had been deliberately immunized with TraT), an 
alternative approach involving in vitro immunization was 
performed. To test the "universality** of the TraT-derived 
T-cell stimulatory peptides in humans, heparinized blood 
samples were obtained from twenty randomly selected 
donors at a Blood Bank. Peripheral blood lymphocytes 
(PBL), which are an enriched T-cell population, were stimu- 
lated in vitro with TraT or with Tl to T7 (SEQUENCE ID 
Nos 9-15) in primary cultures, and a portion of the PBL was 
also restimulated with TraT-pulsed mononuclear cells in 
secondary cultures. The results in Table 1 show that, in a 
3-day primary T-cell proliferation assay, PBL of eight from 
twenty (40%) donors responded (stimulation index =3) to at 
least three (T2, T4, T6: SEQUENCES ID Nos 10, 12 and 14 
respectively) of the T-cell peptides as well as TraT 
(SEQUENCE ID Nos. 16 and 17). However, after a sec- 
ondary in vitro immunization with TraT-pulsed PBL, 
responsiveness was observed in the cultures derived from all 
twenty donors (Table 2) and in addition, a significant boost- 
ing effect was seen in cell cultures which responded to 
primary stimulation. The important implication of this work 
is that T-cell stimulatory peptides such as T2, T4, T6 
(SEQUENCE ID Nos 10, 12 and 14) and possibly Tl 
(SEQUENCE ID No. 9) could be employed as carriers in 
subunit vaccines and thereby overcome the unresponsive- 
ness observed in humans as a result of MHC restriction. 

TABLE 1 

Primary T-cell proliferative responses of human 
peripheral blood lymphocytes to TraT and the T-cell 
stimulatory peptides 

In vitro Stirrmlapts 





DONOR 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


TraT 


PHA 




R. E. 


1.0 


1.2 


0.7 


3.1 


0.7 


1X8 


3.2 


303 


86 


60 


A. L. 


15.8 


219 


1.2 


15.8 


2.8 


31.0 


0.9 


42.5 


56.2 




N. M 


6.4 


8.0 


1.8 


10.7 


3.0 


30.3 


3.7 


7.8 


391 




S. S. 


0.8 


0.8 


0.7 


0.8 


3.8 


0.6 


0.6 


3.9 


333 




CO. 


3.0 


0.7 


1.1 


0.7 


1.0 


3.0 


3.0 


3.1 


305 




B. G. 


0.9 


0.9 


0.8 


0.8 


0.7 


0.8 


0.8 


3.0 


90.6 


65 


A. W. 


3.9 


6.9 


2.8 


6.8 


2.7 


8.8 


0.9 


9.0 


84.3 


B. F. 


0.7 


3.0 


3.1 


1.2 


1.0 


4.7 


3.3 


4.6 


341.0 




G. F. 


1.0 


2.0 


3.2 


1.4 


1.5 


82.8 


3.9 


70.8 


383.0 
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TABLE 1 -continued 



Primary T-cell proliferative responses of human 
peripheral blood lymphocytes to TraT and the T-cell 
stimulatory peptides 

In vitro Stimulants 



bated upright for 8 days at 37° C. A portion of the PBL was 
set aside and frozen in 10% dimethyl sulphoxide and sub- 
sequently used to stimulate the primary cultures. At the end 
of the primary incubation, the cells were centrifuged at 150 
5 g for 10 min and then stimulated with 2x10* TraT-pulsed 
frozen and thawed PBL and the restimulated cultures incu- 
bated in culture flasks for a further 3 days at 37° C. Viable 
cells (3 to 4xl0 6 ) recovered at the end of the secondary 
culture were washed twice, resuspended at concentration of 
10 10 6 cells/ml of culture medium and 10% human AB serum. 
The restimulated PBL(10 5 in 0.2 ml Culture Medium) were 
finally cultured in flat-bottom plates with TraT 
(SEQUENCE ID Nos. 16 and 17), Tl to T7 (SEQUENCE 
ID Nos 9 to 15) or PHA for 3 days as previously described 
15 (see legend to Table 1). 

T-cell Stimulators Peptides from TraT are Stronger than 
those from Diphtheria Toxoid (DT) 
The in vitro activities of TraT-derived peptides (Tl to T6: 
SEQUENCE ID Nos 9-14) were compared with those of 

Peripheral blood lymphocytes (PBL) were separated from 20 1°™*^ J* ^ ( ™ ^^^^ 

heparinized blood bv FICOLL-PAQUE aque ® * ^ 

/niJAnwA^^ j- ; . *- n - a m ~i f predicted (D3 and D4: SEQUENCE ID Nos 22 and 23) to 

(PHARMACIA) gradient centrifugation. Briefly, 10 ml of J; ^ v „ n . , # . . , ./ KT 

Li j i j a i c cipai t DAntTE «j have strong T-cell stimulatory activity prepared with N 

blood were layered on 6 ml of FICOLL PAQUE and an ^ . . j-c *• ^ • -j i a 

• * j rw* ii , 4 - ' j . ♦ a «• and/or C-terminal modification. DT is widely used as a 

enriched T-cell population was separated by centnnigation . ■ . _ .,. _ , . r r 

at 400 g for 40 min. PBL (10 s in 02 ml RPMI medium 25 camer m ° lecu ! e f ° r P^vding T-<*11 help for immunopns 

< • - ■ -t r\rrf i_ a n \ i« a ■ o * conjugated to it. For ethical reasons it was not possible to 

containing 10% human AB serum) were cultured in flat- • . u - , ~ T/ccnurK^r m* xf -j 

. . tt 1 1 , **u cn f T T/ccnucMrc mM™- ia immunise hum ans with TraT (SEQUENCE ID Nos. 16 and 

bottom plates with 50 ue of TraT (SEQUENCE ID Nos. 16 , „ _ r . , v , , . , 

and 17 ) or one of the Sell stimulatory peptides (Tl to T7; 17 >" normal b J^V ? ^P^y"* 

SEQUENCE ID Nos 9-15) or with 2/ig PHAfor 3 days at "*P° nded *? J ™ m A were 

37" C. Sixteen hours before harvestingTcelk were labelled 30 «» f "5? ° m b,0C *! r ff? nd ^I"! 

with 0.5 & of tritiated thymidine, harvested and counted in ™? ™f V* data "?.«* T4b, ? u 3 ^ ^ * at 



DONOR 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


TraT 


PHA 


S. S. 


29.1 


51.1 


15.7 


48.3 


23.1 


73.0 


0.8 


68.2 


84.9 


D. H. 


28.4 


43.8 


8.4 


5X7 


25.2 


65.4 


0.9 


70.6 


97.8 


C B. 


1.1 


1.1 


13 


2.1 


2^ 


22.2 


1.1 


49.2 


139 


G. U 


1.0 


0.8 


1.4 


1.0 


1.0 


1.8 


1.1 


1.1 


357 


Z. L. 


0.9 


0.8 


0.6 


1.1 


1.5 


0.8 


0.8 


0.6 


217 


D. W. 


69.7 


10.8 


30.4 


100.0 


39.0 


184.5 


1.9 


155.0 


223 


F. W. 


0.8 


0.7 


0.7 


2.0 


2.0 


34.6 


2.8 


60-5 


117 


K. M. 


0.8 


31.0 


17.0 


37.5 


18.0 


47.0 


0.8 


41.4 


51.3 


S. M. 


17 J 


26.7 


1.0 


42.7 


29.5 


53.4 


0.8 


51.5 


71.0 


R.T. 


2.0 


0.9 


1.0 


a9 


0.8 


1.0 


0.9 


1.3 


57.2 


J. L 


1.0 


0.5 


0.5 


0.7 


0.7 


05 


0.6 


0.7 


57.2 



> //Ci of tritiated thymidine 
a liquid scintillation counter. Results are expressed as Stimu- 
lation Indices which are calculated by dividing the counts 
per minute (c.p.m.) in the presence of antigen by c.p.m. in 
the absence of antigen. 

TABLE 2 

Secondary T-cell proliferative responses of human 

peripheral blood lymphocytes to TraT 
and the T-cells stimulatory peptides 

In vitro Stimulants 



DONOR 


Tl 


T2 


T3 


T4 


T5 


T6 


T7 


TraT 


PHA 


R. E. 


6.1 


10.6 


4.1 


1Z3 


3.8 


17.0 


1.6 


15.9 


227.0 


A. L 


11.8 


38.0 


1.8 


45.0 


3.6 


59.0 


1.8 


66.0 


218.0 


N. M. 


7.8 


24.2 


3.8 


36.0 


4.5 


55.2 


3.3 


72.0 


274.0 


S. S. 


1.0 


11.8 


5.7 


12.5 


0.8 


14.7 


1.3 


16.8 


379.3 


c o. 


9.2 


15.8 


5.9 


18.3 


5.3 


23.2 


0.6 


49.2 


110.5 


B. G. 


352 


46.7 


18.1 


50.7 


27.7 


72.8 


1.0 


78.3 


357.0 


A. W. 


2.6 


25.0 


53 


42.3 


6.2 


55.9 


Z4 


66.2 


317.0 


B. F. 


49.8 


110.0 


32.0 


161.0 


73.0 


227.0 


2.2 


235.0 


113.0 


G. F. 


13 


320 


20.0 


56.0 


24.5 


71.5 


1.5 


89.4 


160.0 


S. S. 


23.0 


51.5 


14.2 


69.4 


40.0 


110.0 


8.0 


133.0 


309.0 


D. H. 


32,3 


49.0 


7.7 


86.0 


20.8 


133.0 


2.5 


166.6 


335.0 


C. B. 


6.7 


13.1 


4.3 


18.4 


1.2 


19.2 


4.7 


63.5 


304.0 


G. L. 


2.6 


41.5 


1.0 


28.3 


23 


22.0 


5.4 


17.9 


206.0 


Z. U 


0.8 


119.0 


90.0 


135.0 


1020 


150.0 


0.5 


125.0 


104.3 


D. W. 


56.0 


150.0 


28.0 


185.0 


26.5 


216.0 


2.8 


236.0 


116.5 


F. W. 


3.2 


27.5 


1.9 


43.0 


3.8 


72.0 


3.9 


186.0 


180.2 


K_ M. 


32.0 


62.5 


8.6 


62.6 


125 


93.0 


2.8 


120.5 


175.3 


S. M. 


8.2 


3Z5 


2.9 


66.5 


15.4 


925 


2.2 


146.0 


218.0 


R.T. 


1.2 


226.0 


74.6 


270.0 


45.7 


255.0 


1.0 


289.0 


195.0 


J. U 


1.0 


251.0 


53.0 


205.0 


1.2 


202.0 


1.8 


289.0 


226.0 



in four out of five of those individuals, the responses to the 
TraT molecule were at least as high as those to DT 
Furthermore, the proliferative responses induced by T4 
35 (SEQUENCE ID No. 12) and T6 (SEQUENCE ID NO. 14) 
in primary cultures were 2- to 3-fold higher than by any of 
the DT-derived peptides (Dl to D4: SEQUENCE ID Nos 20 
to 23). Note that the responses to T6 (SEQUENCE ID No. 
14) are almost as strong as those to the TraT molecule itself, 
40 suggesting that T6 has an extremely high binding affinity for 
the MHC. In contrast, the responses to Dl and D4 
(SEQUENCE ID Nos 20 and 23) are much lower than to the 
native DT molecule. 
These results show that at least two of the TraT-derived 
45 peptides have stronger T-cell stimulatory activity than any of 
the four selected DT-derived sequences and hence the-data 
indicate the superior utility of these molecules in human 
vaccine formulations. 



50 



55 



TABLE 3 



T-cell stimulatory activity of peptides from 
TraT and Diphtheria toxoid (DT) 



PBL(6 to 7xl0 6 ) were pulsed with 50 ^g TraT (SEQUENCE 
ID Nos. 16 and 17) for 30 min at 37° C. and then washed 
three times with RPMI medium containing 10% human AB 
serum. The antigen-pulsed cells were set up in 3 ml culture 
medium in 30 -ml culture Masks (COSTAR) and then incu- 



65 



Stimulant 






Human Donors 






(in vitro) 


1 


2 


3 


4 


5 


Tl 


2.4" 


1.8 


23 


6.2 


20.4 


17 


5.6 


6.6 


82 


33.2 


3X0 


T3 


1.2 


2.0 


1.8 


13.0 


12.7 


T4 


12.8 


14.2 


16.6 


49.3 


49.5 


T5 


3.4 


2.8 


3.2 


7.7 


26.2 


T6 


16.9 


18.9 


22.4 


56.6 


45.2 


T7 


2.8 


2.1 


3.8 


14.5 


18.6 


TraT 


20.6 


24.2 


28.7 


64.5 


48.5 


DT 


19.4 


40.1 


18.8 


626 


34.7 


Dl 


4.2 


3.8 


5.9 


23.1 


20.7 


D2 


1.1 


0.9 


1.9 


17.3 


13.9 


D3 


5.8 


4.2 


6.6 


20.8 


18.5 



13 
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macrophages to stimulate T-cells. It is of interest that these 
Class II molecules appear to remain intact despite the 

paraformaldehyde treament. These observations further sug- 
gest that the four peptides, Tl, T2, T4 and T6 (SEQUENCE 
5 ID Nos 1, 2, 4 and 6), may .indeed play an important role in 

the generation of antibody responses in vivo. 



TABLE 3-continued 



T-cctl stimulatory activity of peptides from 
TraT and Diphtheria toxoid (DT) 

Stimulant Human Donors 



(in vitro) 1 2 3 4 5 

D4 4.7 5.7 73 26.0 23.2 

PHA 186.0 192.0 238.0 693 573 



•Stimulation Index 

For details of procedures for assessing T-cell proliferation 
see the legend to Table 1. T-cells were cultured with 50 fig 
of TraT, Tl to T7, DT and Dl to D4 or with 2 fig PHA for 
3 days at 37° C. 

EXAMPLE 2 

The Immunogenic Fragments) Formed as a Result 
of "Natural" Processing of TraT Appear to Interact 
with Major Histocompatability Complex (MHC) 
Class II Antigens at Least as Effectively as the 
Peptides Tl, T2, T4 and T6. (SEQUENCE ID Nos 
1, 2, 4 and 6). 

Immunization of Animals and Antigen Presentation by Mac- 
rophages 

Mice (CBA or C57BL/6J) were immunized subcutane- 
ously with 50 fig TraT (SEQUENCE ID Nos. 16 and 17) in 
saline and 10 days after priming, the animals were injected 
intraperitoneally with 1 ml MARCOL oil to induce a peri- 
toneal exudate (PE). Three days later, the mice were 
sacrificed, the PE harvested and the macrophages separated 
as described by Buus and Werdelin (J. Immunol 136: 452, 
1986). Macrophages were fixed with paraformaldehyde, 
essentially as described by Buus and Werdelin (see above). 
Briefly, macrophages (5xl0 6 ) were treated with 1% 
paraformaldehyde in 0.1M PBS for 2 min. and the reaction 
was stopped by the addition of 0.15M glycine-PBS buffer. 
The fixed macrophages were washed three times in buffer, 
suspended in RPMI (10% FCS) and 10 s cells pulsed with 
TraT (SEQUENCE ID Nos. 16 and 17)(50/<g), PHA(2^g) 
or with the peptides, Tl to T7 (SEQUENCE ID Nos 9-15) 
(50 fig) for 30 min. at 37° C; unfixed or control macroph- 
ages were also pulsed with antigen for 30 min. at 37° C 
After three washes to remove excess antigen, 10 s antigen- 
pulsed paraformaldehyde-fixed or untreated macrophages 
were combined with 10 5 TraT-immune T lymphocytes 
(prepared as described in EXAMPLE 1) and the cells 
incubated for 72 h at 37° C. Stimulation was determined as 
described in the previous section. 
Results 

As shown in FIG. 2, fixed macrophages were almost as 
efficient as untreated macrophages in presenting the four 
peptides Tl, T2, T4 and T6 (SEQUENCE ID Nos 9, 10, 12 
and 14) to T lymphocytes, although T6 (SEQUENCE ID No 
14) appears to require more processing than the other three 
peptides. By contrast, fixed macrophages were unable to 
present the native TraT molecule, presumably because TraT 
needs to be processed by viable macrophages before it is 
recognized by T-cells. The data therefore, suggest that the 
fragments which result from natural processing of TraT, 
must be very similar to the TraT derived peptides in terms 
of their interaction with Class II molecules on the surface of 
the macrophage. If the peptide fragments derived from TraT 
were vastly different from the naturally processed fragments 
they would not without further processing interact with 



EXAMPLE 3 

In Squirrel Monkeys, PreS2-TraT Conjugates 

10 Induce Stronger T-cell Responses than PreS2- 

Conjugates of Diphtheria Toxoid (DT}. 
Synthesis of Peptide and its Conjugation to the Carrier 

A peptide containing part of the highly immunogenic 
preS2 peptide (amino acids 120-145 of the preS2 region of 

15 Hepatitis B) plus some further sequence consisting of amino 
acids 133-152 viz. Asp-Pro-Arg-Val-Arg-Gly-Uu-Tyr-Phe- 
Pro-Ala-Gly-Gly-Ser-Ser -Ser-GIy-Thr-Val-Cys: 
SEQUENCE ID No. 18) was synthesized on an APPUED 
BIOSYSTEMS No. 430A PEPTTED SYNTHESIZER. The 

20 peptide was purified by chromatography on G-25 SEPHA- 
DEX (PHARMACIA) in 10% Acetic Acid, followed by 
Reverse Phase HPLC on a VYDAC C-18 column using a 
linear gradient of 5-60% acetonitrile in 0.1% TEA. 

Diphtheria toxoid (DT); (Commonwealth Serum 

25 Laboratories, Melbourne, Australia, 1570 Lf units/ml) was 
precipitated in 80% ethanol and resuspended in 0.1M Phos- 
phate buffer, pH7.0. It was then activated with a 60-fold 
molar excess of m-maleimido benzoic acid 
n-hydroxysuccinimide ester (MBS, SIGMA Chemical Co; 

30 made up at 10 mg/ml in DMF) for 30 min. at 22° C The 
activated DT was precipitated with 80% ethanol, resus- 
pended in 0.1 M Phosphate buffer, pH7.0 and mixed with a 
20-fold molar excess of preS2 peptide for 3 nr. at 22° C. The 
conjugate was dialysed overnight against PBS. 

35 TraT was precipitated in 50% ethanol, resuspended in 50 
mM Phosphate buffer, pH 7.0 containing 1% ZWITTER- 
GENT and activated with 10-fold of MBS for 30 min. at 22° 
C. The activated TraT was mixed with a 14-fold molar 
excess of preS2 (SEQUENCE ID No. 18) peptide for 3 hr. 

40 at 22° C. The conjugate was then dialysed overnight against 
PBS containing 0.1% ZWITTERGENT. The average num- 
ber of preS2 groups (based on amino acid analysis) per 
molecule of protein carrier were 2 (TraT) and 10 (DT) 
respectively. 

45 Formulations 

ALHYDDROGEL: PreS2-TraT or PreS2-DT (2.5 mg in 
0.5 ml) was added to 0.5 ml of ALHYDRDOGEL and made 
up to 2.5 ml with PBS and ZWITTERGENT (0.5%). 
Saponin: PreS2-TraTor PreS2-DT(2.5 mg in 0.5 mi) was 

50 added to 2.5 mg Saponin and then made up to 2.5 ml with 
PBS. 

ZWITTERGENT: TraT- or DT- conjugates (2 mg in 0.5 
ml) were made up to 2 ml with PBS and ZWTRRERGENT 
(0.5%). 

55 Liposomes: (A) TraT- or DT- conjugates, following pre- 
cipitation with 80% ethanol, were resuspended in 1ml of 
10% octylglucoside in 10 mM Hepes. (B) 1 ml of chloro- 
form containing phosphatidyl ethanolamine (16 mg) and 
phosphatidylcholine (4 mg) were placed in a flask and the 

60 chloroform evaporated off under vacuum. 1 ml of the 
octylglucoside solution (A) was added to (B) and the for- 
. mulation solubilized by sonication, followed by overnight 
dialysis against PBS. 

Squirrel monkeys were immunized intramuscularly on 

65 days 0 and 42 with 200 ug of each of the conjugates 
(preS2-TraT or preS2-DT) in the various formulations 
(zwi t- Z WITTE R G ENT; AlOH-ALHYDROGEL; Sap- 
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Saponin; Lip«Liposomes). Peripheral blood lymphocytes 
taken at day 56 were used as a source of T-cells which were 
then stimulated in vitro with various concentrations of TraT, 
DT or preS2 as described in EXAMPLE 1. Results 
(Proliferative responses to 50 f% of TraT, DT or prcS2) are 5 
expressed as Stimulation indices. Standard errors of the 
means of triplicate cultures were less than 10% of the Mean. 
Results 

The results in FIG. 3 show that T-cell proliferative 
responses to TraT were 2- to 3-fold higher than to Diphtheria 10 
toxoid. Furthermore, the anti-PreS2 responses in PreS2- 
TraT-immunized monkeys were 3- to 4-fold higher than in 
PreS2-Diphtheria toxo id-immunized animals. The superior 
T-cell responses generated in response to TraT suggests that 
this protein (or one of its T-cell stimulatory sequences) may 15 
be a useful component of vaccines especially those against 
viral and parasitic diseases. There is impressive evidence 
that for many viral and parasitic infections, effector T-cells 
are primarily responsible for clearance of the infection. 

20 

EXAMPLE 4 

Peptide Seqences (T2, T4 , T6: SEQUENCE ID 
Nos 2, 4 and 6) Derived from TraT Prime for 
Strong Antibody Responses to a Peptide Attached 
to Them. 

After we had identified and documented the existence of 
strong T-cell stimulatory peptide sequences within TraT, it 
was necessary to determine whether the delineated regions 
of TraT could function as effective carrier molecules. The 30 
peptide gpl20 (amino acids 254-274 of the conserved 
domain of the gpl20 region of HIV1) was used to provide 
an antigenic determinant. The ability of T-cell stimulatory 
sequences to deliver T-cell help and therefore prime for 
antibody responses to peptides attached to them, is an 35 
important feature of T-cell epitope peptides. Accordingly, 
mice were immunized with glutaraldehyde conjugates of 
each of the seven peptides Tl to T7 (SEQUENCE ID Nos 
9-15) and the gp 120 peptide, emulsified in MONTANIDE/ 
MARCOL (9:1) adjuvant, and boosted 21 days after the 40 
primary immunization. The antibody responses elicited in 
these animals are depicted in Table 4. These results show 
that the peptides (T2, T4 and T6: SEQUENCE ID Nos 10, 
12 and 14) that elicited strong T-cell responses also primed 
for the highest antibody responses to the peptide gpl20 45 
demonstrating their utility as carriers. Because these pep- 
tides have strong T-cell stimulatory activity, poor to negli- 
gible antibody levels were seen in response to the strong 
peptides (T2, T4 and T6: SEQUENCE ID Nos 10, 12 and 
14) themselves. 50 
Preparation of Glutaraldehyde Conjugates of gpl20 Peptide 
and the T-cell Epitope Peptides 

The two-step glutaraldehyde procedure of Avrameus et al. 
(Scand. J. Immunol. 8: 7, 1978) was followed. Briefly, the 
gpl20 peptide (1 mg/ml) in 0.1 M PBS pH 6.8 was reacted 55 
with 0.2% glutaraldehyde for 2 hr. at 22° C. Following 
overnight dialysis against 0.1M carbonate/bicarbonate 
buffer pH 9 J, the glutaraldehyde activated gp 120 was 
added to the various peptides (Tl to T7: SEQUENCE ID 
Nos 9-15) at a molar rate of 1:1 and reacted for 24 hr at 22° 60 
C. The conjugates were suspended in 1 ml of PBS and 
emulsified in MONTANIDE/MARCOL (9:1). 

Groups of five female C57BL/6J mice (20-25 g) were 
immunized subculaneously on days 0 and 21 with 100 //g of 
glutaraldehyde conjugates of each of the peptides (Tl to T7: 65 
SEQUENCE ID Nos 9-15) and the gp 120 peptide, emul- 
sified in MONTANIDE/MARCOL (9:1) or with the gpl20 
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peptide in saline. Animals were bled at 14 days after the 
second injection and anti-carrier (Tl to T7: SEQUENCE ID 
NOs 9-15) and anti-peptide (gpl20) responses were esti- 
mated by a standard EUSA using plates coated with the Tl 
to T7 (SEQUENCE ID Nos 9-15) peptides or with gpl20. 
Results 

The results in Table 4 show that the T-cell stimulatory 
peptides T2, T4, T6 (SEQUENCE ID Nos 10, 12 and 14) and 
possibly Tl (SEQUENCE ID No. 9) primed ftff the highest 
antibody responses to the peptide (gp 120) attached to them. 
As anticipated, weak to negligible antibody litres were seen 
in response to these peptides (Tl, T2, T4 and T6: 
SEQUENCE ID Nos 9, 10, 12 and 14). Because they are 
T-cell epitopes they are unlikely to stimulate B cells well. By 
contrast, virtually no response was seen in animals immu- 
nized with gpl20 in saline. Therefore these T-cell stimula- 
tory peptides will be useful for priming antibody responses 
to peptide antigens. Such antigens of commercial utility may 
include but are not limited to luteinising hormone, 
somatostatin, inhibin, FSH, foot and mouth disease peptide, 
Hepatitis B pre S2 peptide, malaria peptides, Herpes or 
influenza peptides. 

TABLE 4 



Anti-Carrier and An li- Peptide responses in mice immunized 
with gp 120 -T-cell stimulatory peptide conjugates. 

ANTIBODY RESPONSE 



Anti-gp-120 

Immunization Groups .Anti-Carrier peptide 



Saline 


1 


1 


gp 120-T1 


2 


838 


gp 120-T2 


1 


2,612 


gp 120-T3 


1,234 


52 


gp 120-T4 


1 


3,110 


gp 120-T5 


2 


158 


gp 120-T6 


3 


3,431 


gp 120-T7 


400 


13 


gp 120 


1 


13 



Antibody titres arc expressed as the arithmetic mean of the 
reciprocal of the antiserum dilution which gave an ELISA 
reading of 0.5 after 45 min. at 25° C. 

The strong T-cell stimulation observed with these peptides 
that prime for B-cell responses to the attached immunogen 
could also be achieved by the incorporation of the T-cell 
epitope sequences into fusion proteins specifically designed 
for the presentation of peptide antigens. 

Immunogenic fusion proteins comprising the T-cell 
epitopes and protein or peptide antigens can be produced 
from a recombinant gene encoding the fusion protein when 
expressed in an appropriate host -vector system. These chi- 
maeric proteins may take various forms. Trie antigen may be 
located adjacent to the T-cell epitope such as T2, 
(SEQUENCE ID No 2) or T6-(SEQUENCE ID No. 25) with 
TraT essentially intact (for example, luteinising hormone 
releasing hormone [LHRH]/ TraT fusions); the T-cell 
epitopes alone may be inserted within the protein antigen. 
For example T2, (SEQUENCE ID No. 2) or T6 
(SEQUENCE ID No. 6 or 25) may be inserted into the tick 
antigen BM86 (described as WGL* in PCT/AU87/00401); 
or parts of TraT bearing T2 (SEQUENCE ID No. 2) and/or 
T6 (SEQUENCE ID No. 25) may be located close to 
antigenic portions of a protein (for example, T2, T6/TraT 
and luteinising hormone). 

A suitable source of DN A encoding the T-cell epitopes of 
the invention is ATCC 67331. 
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EXAMPLE 5 For example, the suppressor region of HIV corresponding 

Improvement of Vaccine Efficacy by the use of t0 ,he imio0 acid sec l uencc (735-752): 

Strong Universal T-cell Epitopes. 

One of the major drawbacks to the development of 5 Tyr-Asp-Arg-Pro-Glu-Gly-Ile-Glu-GIu-Glu-Gly-Gly-(735) 

effective vaccines to diseases such as AIDS, has been the Glu-Arg-Asp-Arg-Asp-Arg-Ser-Gly-Cys (SEQUENCE ID 

presence in otherwise immunogenic molecules, such as No. 19) (752) is replaced by the 

gpl20 (an immunodominant external envelope protein of TraT-derived T6 peptide: 

HIV) of "suppressor regions" which interfere with the Ser-Thr-Glu-Thr-Gly-Asn-Gln-His-His-Tyr-^n-Thr-Arg- 

development of effective immune responses to these pro- Val-Val^er-Asn-Ala-Asn-Lys (SEQUENCE ID No. 6) 

teins. In order to elicit protective immune responses to these 1U 
proteins it is proposed to remove these sequences and to 

replace them with more immunogenic sequences. Industrial Application 

T-cell epitope sequences derived from TraT possess unex- 
pectedly high immuno-stimulatory properties in a range of Th c current invention is of value in the preparation of 
phylogenetically diverse species. These diverse T-cell 15 vaccines for use in a nima Is and humans. The use of T-cell 
epitope peptides which manifest a permissive association epitope peptides as carrier molecules will enhance antibody 
with major histocompatibility complex (MHC) molecules, production as well as stimulate cell-mediated immunity 
and are therefore preferentially recognized by T-cells, would while avoiding many of the disadvantages of using larger 
be expected to elicit strong T-cell immunity in the majority protein carrier molecules, 
of individuals in an outbred population. 20 

Two suppressor regions, corresponding to amino acid Deposition of Strains 
sequences 735-752 and 846-860 of the transmembrane 

glycoprotein of HIV, have been shown to exert a marked BTA 1349 was deposited in accordance with the provi- 

inhibition of the human blastogenic responses to mitogens sions of the Budapest Treaty with the American Type 

and alloantigens (Chanh, T. C, Kennedy, R. C. and Kanda, 25 Culture Collection of 12301 Parklawn Drive, Rockville Md. 

K. Cell Immunol. Ill: 77-^86. 1988). 20852 USA on Mar. 2, 1987 under accession number ATCC 

Using recombinant DNA technology, the "suppressor 67331. . 
regions" in a number of prospective vaccine proteins includ- 
ing gp 120 are removed and replaced with immunostimu- References 
latory peptides derived from TraT. This approach results in 30 

vaccines which elicit strong protective immunity in hosts Adorini et al (1988) J Exp. Med. 168 2091 

from a broad spectrum of MHC backgrounds. In the first Avraemeus et al (1978) Scand. J. Immunol. 8 7 

instance the removal of suppressor regions will improve the Bolivar el al (1977) Gene 2 95 

immunogenicity of the molecule and the replacement of Chanh, et al (1988) Cell Immunol. Ill: 77-86 

suppressor regions with immunostimulatory regions will 35 Chouaib et al (1988) PNAS 85 6875 

further increase the immunogenicity of the modified mol- De Lisi and Berzofsky (1985) PNAS 82 7048 

ecule. The replacement of the suppressor region(s) with a Ogata et a! (1982) J. Bacteriol 151 819 

strongly T-cell stimulatory region such as T6, will increase Perumal and Minkley (1984) J. Biol. Chem 259 5359 

the immunogenicity of the modified recombinant molecule. Tsai and Frasch (1982) Anal. Biochem. 119 115 

This molecule would substitute for the native gpl20 mol- 40 Webster (1980) J. Clin. Microbiol. 12 644 

ecule where this modified molecule is used as a basis of a Buus and Werdelin (1986) J. Immunol. 136 452 

vaccine e.g. a sub-unit vaccine or as part of inactivated viral PCT/US89/00388 

particles. PCT/AU87/00107 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(iii) NUMBER OP SEQUENCES: 26 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH : 25 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Gly Ala Met Ser Thr Ala lie Lys Lys Arg Asn Leu Glu Val Lys Thr 
15 10 15 



Gin Met Ser Glu Thr lie Trp Leu Glu 
20 25 
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-continued 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Gly Leu Gin Gly Lys He Ala Asp Ala Val Lys Ala Lys Gly 
15 10 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Ser Gin Trp Leu Aen Arg Gly Tyr Glu Gly Ala Ala Val Gly Ala Ala 
1 5 10 15 

Leu Gly Ala Gly He Thr Gly 
20 



(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gly Leu Ala Ala Gly Leu Val Gly Met Ala Ala Asp Ala Met Val Glu 
15 10 15 

Asp Val Asn 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

Asp Val Gin He Ala Glu Arg Thr Lys Ala Thr Val Thr Thr Asp Asn 
15 10 15 

Val Ala Ala Leu Arg Gin 
20 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 
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-continued 



Ser Thr Glu Thr Gly Asn Gin His His Tyr Gin Thr Arg Val Val Ser 
15 10 15 

Asn Ala Asn Lys 
20 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Lys Val Asn Leu Lye Thr Glu Glu Ala Lys Pro Val Leu Glu Asp Gin 
15 10 15 

Leu Ala Lys 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

Cys Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn Ala Asn Pro Asn 
15 10 15 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 27 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/ KEY: Modified- site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- * RESIDUE 1 IS PYROGLUTAMIC 
ACID" 

(ix) FEATURE: 

(A) NAME /KEY: Modified- site 

(B) LOCATION: 27 

(D) OTHER INFORMATION: /note- "RESIDUE 27 IS CYSTEINAMIDE" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

Xaa Gly Ala Met Ser Thr Ala He Lys Lys Arg Asn Leu Glu Val Lys 
15 10 15 

Thr Gin Met Ser Glu Thr He Trp Leu Glu Xaa 
20 25 



(2) INFORMATION FOR SEQ ID NO: 10 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 
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(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- "RESIDUE 1 IS PYROGLUTAHIC 
ACID" 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 16 

(D) OTHER INFORMATION: /note- "RESIDUE 16 IS CYSTEINAMIDE" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

Xaa Gly Leu Gin Gly Lys lie Ala Asp Ala Val Lys Ala Lys Gly Xaa 
15 10 15 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/ KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- -RESIDUE 1 IS PYROGLUTAHIC 
ACID" 

(ix) FEATURE: 

(A) NAME/ KEY: Modified-site 

(B) LOCATION: 25 

(D) OTHER INFORMATION: /note- "RESIDUE 25 IS CY STE TNAMI DE " 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Xaa Ser Gin Trp Leu Aen Arg Gly Tyr Glu Gly Ala Ala Val Gly Ala 
15 10 15 

Ala Leu Gly Ala Gly lie Thr Gly Xaa 
20 25 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME /KEY: Modified- site 

(B) LOCATION: 1 

(D) OTHER INFORMATION : /note- "RESIDUE 1 IS PYROGLUTAMIC 
ACID" 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 21 

(D) OTHER INFORMATION: /note- "RESIDUE 21 IS CYSTEINAMIDE" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Xaa Gly Leu Ala Ala Gly Leu Val Gly Met Ala Ala Asp Ala Met Val 
15 10 15 

Glu Asp Val Asn Xaa 
20 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY : linear 
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(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- "RESIDUE 1 IS PYROGLUTAMIC 
ACID" 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 24 

(D) OTHER INFORMATION: /note- "RESIDUE 24 IS CYSTEINAMIDE' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 3 : 

Xaa Asp Val Gin lie Ala Glu Arg Thr Lys Ala Thr Val Thr Thr Asp 
15 10 15 

Asn Val Ala Ala Leu Arg Gin Xaa 
20 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 22 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME /KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- "RESIDUE 1 IS PYROGLUTAMIC 
ACID" 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 22 

(D) OTHER INFORMATION: /note- "RESIDUE 22 IS CYSTEINAMIDE 1 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

Xaa Ser Thr Glu Thr Gly Asn Gin His His Tyr Gin Thr Arg Val Val 
15 10 15 

Ser Asn Ala Asn Lys Xaa 
20 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- "RESIDUE 1 IS PYROGLUTAMIC 
ACID" 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 21 

(D) OTHER INFORMATION: /note- "RESIDUE 21 IS CYSTEINAMIDE" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Xaa Lys Val Asn Leu Lys Thr Glu Glu Ala Lys Pro Val Leu Glu Asp 
15 10 15 



Gin Leu Ala Lys Xaa 
20 
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(2) INFORMATION FOR SEQ ID NO: 16 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 726 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: cDNA 

(iv) ANTI-SENSE: NO 

(ix) FEATURE: 

<A) NAME/ KEY: mi sc_ signal 
(B) LOCATION: 1..54 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1..726 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

ATG AAA AAA TTG ATG ATG GTT GCA CTG GTC AGT TCC ACT CTG GCC CTT 48 
Met Lys Lys Leu Met Met Val Ala Leu Val Ser Ser Thr Leu Ala Leu 
1 S. 10 15 

TCA GGG TGT GGT GCG ATG AGC ACA GCA ATC AAG AAG CGT AAC CTT GAG 96 
Ser Gly Cys Gly Ala Met Ser Thr Ala He Lys Lys Arg Asn Leu Glu 
20 25 30 

GTG AAG ACT CAG ATG AGT GAG ACC ATC TGG CTT GAA CCC GCC AGC GAA 144 
Val Lys Thr Gin Met Ser Glu Thr He Trp Leu Glu Pro Ala Ser Glu 
35 40 45 

CGC ACG GTA TTT CTG CAG ATC AAA AAC ACG TCT GAT AAA GAC ATG AGT 192 
Arg Thr Val Phe Leu Gin He Lys Asn Thr Ser Asp Lye Asp Met Ser 
50 55 60 

GGG CTG CAG GGC AAA ATT GCT GAT GCT GTG AAA GCA AAA GGA TAT CAG 240 
Gly Leu Gin Gly Lys He Ala Asp Ala Val Lys Ala Lys Gly Tyr Gin 
65 70 75 80 

GTG GTG ACT TCT CCG GAT AAA GCC TAC TAC TGG ATT CAG GCG AAT GTG 288 
Val Val Thr Ser Pro Asp Lys Ala Tyr Tyr Trp He Gin Ala Asn Val 
85 90 95 

CTG AAG GCC GAT AAG ATG GAT CTG CGG GAG TCT CAG GGA TGG CTG AAC 336 
Leu Lys Ala Asp Lys Met Asp Leu Arg Glu Ser Gin Gly Trp Leu Asn 
100 105 110 

CGT GGT TAT GAA GGC GCA GCA GTT GGT GCA GCG TTA GGT GCC GGT ATT 384 
Arg Gly Tyr Glu Gly Ala Ala Val Gly Ala Ala Leu Gly Ala Gly He 
115 120 125 

ACC GGC TAT AAC TCA AAT TCT GCC GGT GCC ACA CTC GGT GTA GGC CTT 432 
Thr Gly Tyr Asn Ser Asn Ser Ala Gly Ala Thr Leu Gly Val Gly Leu 
130 135 140 

GCT GCT GGT CTG GTG GGT ATG GCT GCA GAT GCG ATG GTG GAA GAT GTG 480 
Ala Ala Gly Leu Val Gly Met Ala Ala Asp Ala Met Val Glu Asp Val 
145 ISO 155 160 

AAC TAT ACC ATG ATC ACG GAT GTA CAG ATT GCA GAG CGT ACT AAG GCA 528 
Asn Tyr Thr Met He Thr Asp Val Gin He Ala Glu Arg Thr Lys Ala 
165 170 175 

ACG GTG ACA ACG GAT AAT GTT GCC GCC CTG CGT CAG GGC ACA TCA GGT 576 
Thr Val Thr Thr Asp Asn Val Ala Ala Leu Arg Gin Gly Thr Ser Gly 
180 185 190 

GCG AAA ATT CAG ACC AGT ACT GAA ACA GGT AAC CAG CAT AAA TAC CAG 624 
Ala Lys He Gin Thr Ser Thr Glu Thr Gly Asn Gin His Lys Tyr Gin 
195 200 205 

ACC CGT GTG GTT TCA AAT GCG AAC AAG GTT AAC CTG AAA TTT GAA GAG 672 
Thr Arg Val Val Ser Asn Ala Asn Lys Val Asn Leu Lys Phe Glu Glu 
210 215 220 



GCG AAG CCT GTT CTC GAA GAC CAA CTG GCC AAA TCA ATC GCA AAT ATT 



720 
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Ala Lys Pro Val Leu Glu Asp Gin Leu Ala Lys Ser lie Ala Asn He 
225 230 235 240 

CTC TGA 
Leu 



(2) INFORMATION FOR SEQ ID NO: 17 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 241 amino acids 
<B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Met Lys Lys Leu Met Met Val Ala Leu Val Ser Ser Thr Leu Ala Leu 
15 10 15 

Ser Gly Cys Gly Ala Met Ser Thr Ala He Lys Lys Arg Asn Leu Glu 
20 25 30 

Val Lys Thr Gin Met Ser Glu Thr He Trp Leu Glu Pro Ala Ser Glu 
35 40 45 

Arg Thr Val Phe Leu Gin He Lys Asn Thr Ser Asp Lys Asp Met Ser 
50 55 60 

Gly Leu Gin Gly Lys He Ala Asp Ala Val Lys Ala Lys Gly Tyr Gin 
65 70 75 80 

Val Val Thr Ser Pro Asp Lys Ala Tyr Tyr Trp He Gin Ala Asn Val 
85 90 95 

Leu Lys Ala Asp Lys Met Asp Leu Arg Glu Ser Gin Gly Trp Leu Asn 
100 105 110 

Arg Gly Tyr Glu Gly Ala Ala Val Gly Ala Ala Leu Gly Ala Gly He 
115 120 125 

Thr Gly Tyr Asn Ser Asn Ser Ala Gly Ala Thr Leu Gly Val Gly Leu 
130 135 140 

Ala Ala Gly Leu Val Gly Met Ala Ala Asp Ala Met Val Glu Asp Val 
145 150 155 160 

Asn Tyr Thr Met He Thr Asp Val Gin He Ala Glu Arg Thr Lys Ala 
165 170 175 

Thr Val Thr Thr Asp Asn Val Ala Ala Leu Arg Gin Gly Thr Ser Gly 
180 185 190 

Ala Lys He Gin Thr Ser Thr Glu Thr Gly Asn Gin His Lys Tyr Gin 
195 200 205 

Thr Arg Val Val Ser Asn Ala Asn Lys Val Asn Leu Lys Phe Glu Glu 
210 215 220 

Ala Lys Pro Val Leu Glu Asp Gin Leu Ala Lys Ser He Ala Asn He 
225 230 235 240 



(2) INFORMATION FOR SEQ ID NO: 18 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 



Asp Pro Arg Val Arg Gly Leu Tyr Phe Pro Ala Gly Gly Ser Ser Ser 
15 10 15 



5,928,644 

31 32 

-continued 



Gly Thr Vol Cys 
20 



(2) INFORMATION FOR SEQ ID NO: 19 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Tyr Asp Arg Pro Glu Gly He Glu Glu Glu Gly Gly Glu Arg Asp Arg 
15 10 15 

Asp Arg Ser Gly Cys 
20 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- "RESIDUE 1 IS ACETYLALANINE* 

(ix) FEATURE: 

(A) NAME/KEY: Modified-site 

(B) LOCATION: 25 

(D) OTHER INFORMATION: /note- -RESIDUE 25 IS CYSTEINAMIDE* 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Xaa Thr Asn Phe Val Glu Ser He He Asn Leu Phe Gin Val Val His 
15 10 15 

Asn Ser Tyr Asn Arg Pro Ala Tyr Xaa 
20 25 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/ KEY: Modified-site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- "RESIDUE 1 IS 
ACETYL-THREONINE" 

(ix) FEATURE: 

(A) NAME /KEY: Modified-site 

(B) LOCATION: 24 

(D) OTHER INFORMATION: /note- "RESIDUE 24 IS CYSTEINAMIDE" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 1 : 

Xaa Glu Pro Asn Leu His Asp Gly Tyr Ala Val Ser Trp Asn Thr Val 
15 10 15 

Glu Asp Ser He He Arg Thr Xaa 
20 



(2) INFORMATION FOR SEQ ID NO: 22: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

<ix) FEATURE: 

(A) NAME/KEY: Modified- site 

(B) LOCATION: 1 

(D) OTHER INFORMATION: /note- -RESIDUE 1 IS 
ACETYLASPARTATE " 

(ix) FEATURE: 

(A) NAME/KEY: Modified- site 

(B) LOCATION: 23 
(D) OTHER INFORMATION: /note- "RESIDUE 23 IS CYSTEINAMIDE" 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

Xaa Ser Glu Thr Ala Asp Asn Leu Glu Lys Thr Val Ala Ala Leu Ser 
15 10 15 

He Leu Pro Gly lie Gly Xaa 
20 
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(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 39 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(ix) FEATURE: 

(A) NAME/KEY: Modified- site 

(B) LOCATION: 39 

(D) OTHER INFORMATION: /note- "RESIDUE 39 IS CYSTEINAMIDE" 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23 : 

Glu Glu He Val Ala Gin Ser He Ala Leu Ser Ser Leu Met Val Ala 
15 10 15 

Gin Ala He Pro Leu Val Gly Glu Leu Val Asp He Gly Phe Ala Ala 
20 25 30 

Thr Asn Phe Val Glu Ser Xaa 
35 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

Glu Ser Gin Gly Trp Leu Asn Arg Gly Tyr Glu Gly Ala Ala Val Gly 
15 10 15 

Ala Ala Leu Gly Ala Gly He Thr Gly 
20 25 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



35 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Ser Thr Glu Thr Gly Asn Gin His Lye Tyr Gin Thr Arg Val Val Ser 
15 10 15 

Asn Ala Asn Lys 
20 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

Lys Val Aan Leu Lys Phe Glu Glu Ala Lys Pro Val Leu Glu Asp Gin 
IS 10 15 

Leu Ala Lys 



We claim: 

1. A complex comprising a peptide covalently linked to an 
immunogen, wherein the peptide consists of a sequence 
selected from the goup consisting of: 

(a) : Ser Thr Glu Thr Gly Asn Gin His Lys Tyr Gin Thr Arg 
Val Val Ser Asn Ala Asn Lys (SEQUENCE ID No. 25); 

(b) : Lys Val Asn Leu Lys Phe Glu Glu Ala Lys Pro Val Leu 
Glu Asp Gin Leu Ala Lys (SEQUENCE ID No. 26); 

(c) : Gly Ala Mel Ser Thr Ala He Lys Lys Arg Asn Leu Glu 
Val Lys Thr Gin Met Ser Glu Thr He Trp Leu Glu 
(SEQUENCE ID No. 1); 

(d) : Gly Leu Gin Gly Lys He Ala Asp Ala Val Lys Ala Lys 
Gly (SEQUENCE ID No. 2); 

(e) : Gly Leu Ala Ala Gly Leu Val Gly Met Ala Ala Asp 
Ala Met Val Glu Asp Val Asn (SEQUENCE ID No. 4); 

(t): Asp Val Gin He Ala Glu Arg Thr Lys Ala Thr Val Thr 
Thr Asp Asn Val Ala Ala Leu Arg Gin (SEQUENCE ID 
No. 5); 

(g) : PyroGlu Gly Ala Met Ser Thr Ala He Lys Lys Arg Asn 
Leu Glu Val Lys Thr Gin Met Ser Glu Thr He Trp Leu 
Glu Cys-NH 2 (SEQUENCE ID No. 9); 

(h) : PyroGlu Gly Leu Gin Gly Lys He Ala Asp Ala Val Lys 
Ala Lys Gly Cys-NH 2 (SEQUENCE ID No. 10): 

(i) : PyroGlu Ser Gin Trp Leu Asn Arg Gly Tyr Glu Gly 
Ala Ala Val Gly Ala Ala Leu Gly Ala Gly He Thr Gly 
Cys-NH 2 (SEQUENCE ID No. 11); 

(j): PyroGlu Gly Leu Ala Ala Gly Leu Val Gly Met Ala 

Ala Asp Ala Met Val Glu Asp Val Asn Cys-NH 2 

(SEQUENCE ID No. 12); 
(k): PyroGlu Asp Val Gin He Ala Glu Arg Thr Lys Ala Thr 

Val Thr Thr Asp Asn Val Ala Ala Leu Arg Gin Cys-NH 2 

(SEQUENCE ID No. 13); 
(1): PyroGlu Ser Thr Glu Thr Gly Asn Gin His His Tyr Gin 

Thr Arg Val Val Ser Asn Ala Asn Lys Cys-NH 2 

(SEQUENCE ID No. 14); and 
(m): PyroGlu Lys Val Asn Leu Lys Thr Glu Glu Ala Lys 

Pro Val Leu Glu Asp Gin Leu Ala Lys Cys-NH 2 

(SEQUENCE ID No. 15), or 
comprises a sequence selected from the group consisting 

of: 



25 ( n ): Ser Gin Trp Leu Asn Arg Gly Tyr Glu Gly Ala Ala Val 
Gly Ala Ala Leu Gly Ala Gly He Thr Gly (SEQUENCE 
ID No. 3); 

(o): Ser Thr Glu Thr Gly Asn Gin His His Tyr Gin Thr Arg 
Val Val Ser Asn Ala Asn Lys (SEQUENCE ID No. 6); 
30 and 

(p): Lys Val Asn Leu Lys Thr Glu Glu Ala Lys Pro Val Leu 
Glu Asp Gin Leu Ala Lys (SEQUENCE ID No. 7), and 
wherein said peptide induces a proliferative response in 
35 T-cells. 

2. The complex according to claim 1, wherein said peptide 
and said immunogen are covalently linked as a fusion 
protein. 

3. The complex according to claim 1, wherein said 
^ immunogen is selected from the group consisting of: the 

circumsporozoite surface protein of Plasmodium 
falciparum, NH 2 Cys (Asn Pro Asn Ala) 4 (SEQ ID NO:8), 
luteinizing hormone, somatostatin, the S protein of hepatitis 
B virus, HIV gp 120, influenza virus peptides, foot and 
45 mouth disease peptides, inhibin and FSH. 

4. A peptide consisting of a sequence selected from the 
group consisting of: 

(a): Ser Thr Glu Thr Gly Asn Gin His Lys Tyr Gin Thr Arg 
Val Val Ser Asn Ala Asn Lys (SEQUENCE ID No. 25); 
50 (b): Lys Val Asn Leu Lys Phe Glu Glu Ala Lys Pro Val Leu 
Glu Asp Gin Leu Ala Lys (SEQUENCE ID No. 26); 
(c): Gly Ala Met Ser Thr Ala He Lys Lys Arg Asn Leu Glu 
Val Lys Thr Gin Met Ser Glu Thr He Trp Leu Glu 
(SEQUENCE ID No. 1); 
55 (d): Gly Leu Gin Gly Lys He Ala Asp Ala Val Lys Ala Lys 
Gly (SEQUENCE ID No. 2); 
(e) Gly Leu Ala Ala Gly Leu Val Gly Met Ala Ala Asp Ala 
Met Val Glu Asp Val Asn (SEQUENCE ID No. 4); 
00 (f): Asp Val Gin He Ala Glu Arg Thr Lys Ala Thr Val Thr 
Thr Asp Asn Val Ala Ala Leu Arg Gin (SEQUENCE ID 
No. 5); 

(g) : PyroGlu Gly Ala Met Ser Thr Ala He Lys Lys Arg Asn 
Leu Glu Val Lys Thr Gin Met Ser Glu Thr He Trp Leu 

65 Glu Cys-NH 2 (SEQUENCE ID No. 9); 

(h) : PyroGlu Gly Leu Gin Gly Lys He Ala Asp Ala Val Lys 
Ala Lys Gly Cys-NH 2 (SEQUENCE ID No. 10); 
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(i): PyroGlu Ser Gin Trp Leu Asa Arg Gly Tyr Glu Gly 

Ala Ala Vai Gly Ala Ala Leu Gly Ala Gly He Thr Gly 

Cys-NH 2 (SEQUENCE ID No. 11); 
(j): PyroGlu Gly Leu Ala Ala Gly Leu Val Gly Met Ala 

Ala Asp Ala Met Val Glu Asp Val Asn Cys-NH 2 

(SEQUENCE ID No. 12); 
(k): PyroGhi Asp Val Gin lie Ala Glu Arg Thr Lys Ala Thr 

Val Thr Thr Asp Asn Val Ala Ala Leu Arg Gin Cys- 

NH 2 (SEQUENCE ID No. 13); 
(1): PyroGlu Ser Thr Glu Thr Gly Asn Gin His His Tyr Gin 

Arg Val Val Ser Asn Ala Asn Lys Cys-NH 2 

(SEQUENCE ID No. 14); and 
(m): PyroGlu Lys Val Asn Leu Lys Thr Glu Glu Ala Lys 

Pro Val Leu Glu Asp Gin Leu Ala Lys Cys-NH 2 

(SEQUENCE ID No. 15), 
wherein said peptide induces a proliferative response in 

T-cells. 
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5. A peptide TraT, comprising a sequence selected from 
the group consisting of: 

Asn Lys; 

5 Ser Gin Trp Leu Asn Arg Gly Tyr Glu Gly Ala Ala Val Gly 
Ala Ala Leu Gly Ala Gly lie Thr Gly (SEQUENCE ID 
No. 3); 

(b) : Ser Thr Glu Thr Gly Asn Gin His His Tycfiln Thr Arg 
10 Val Val Ser Asn Ala Asn Lys (SEQUENCE ID No. 6); 

and 

(c) : Lys Val Asn Leu Lys Thr Glu Glu Ala Lys Pro Val Leu 
Glu Asp Gin Leu Ala Lys (SEQUENCE ID No. 7), 

is wherein said peptide induces a proliferative response in 
T-cells. 



